The Tax protein of human T-lymphotropic virus type 1 (HTLV-1), an oncoprotein that transactivates viral and cellular genes, plays a key role in HTLV-1 replication and pathogenesis. We used cDNA microarrays to examine Tax-mediated transcriptional changes in the human Jurkat T-cell lines JPX-9 and JPX-M which express Tax and Tax-mutant protein, respectively, under the control of an inducible promoter. Approximately 300 of the over 2000 genes examined were dierentially expressed in the presence of Tax. These genes were grouped according to their function and are discussed in the context of existing ®ndings in the literature. There was strong agreement between our results and genes previously reported as being Tax-responsive. Genes that were dierentially expressed in the presence of Tax included those related to apoptosis, the cell cycle and DNA repair, signaling factors, immune modulators, cytokines and growth factors, and adhesion molecules. Functionally, we provide evidence that one of these genes, the mixed-lineage kinase MLK-3, is involved in Tax-mediated NF-kB signaling. Our current results provide additional insights into Tax-mediated signaling. Oncogene (2001) 20, 4484 ± 4496.
Introduction
Human T-cell leukemia virus/T-lymphotropic virus type 1 (HTLV-1) is the etiological agent of adult Tcell leukemia/lymphoma (ATL) and has been implicated in several diseases including HTLV-1-associated myelopathy/tropical spastic paraparesis (HAM/TSP), HTLV-1-associated uveitis (HU), HTLV-1-associated athropathy (HAAP), lymphadenopathy and myositis (reviewed in Watanabe, 1997) . These disorders are characterized by hypercalcemia and the in®ltration of infected lymphocytes and monocytes into various tissues, resulting in either direct or cytokine-mediated damage.
The virus has its highest global prevalence in Japan, where 1 ± 2 million people are estimated to be infected (Uchiyama, 1997) . It is also endemic to the Caribbean islands, and parts of South America, Australia and Africa. Worldwide, there are approximately 10 ± 20 million carriers (Franchini, 1995) . Transmission of the virus usually occurs through sexual intercourse or vertically from parent to child. Since the infectivity of cell-free virus is very low Nagy et al., 1983) , infection by direct cell ± cell contact likely plays a signi®cant role in virus transmission (Yamamoto et al., 1982) .
The 40 kD Tax protein encoded within the pX region of HTLV-1 is crucial for the transactivating/ repressing and oncogenic transformation phenomena observed in HTLV-1-infected cells. Tax does not in most cases bind DNA directly, but instead interacts with members of various transcription factor families including NF-kB, cyclic-AMP response element-binding protein/activated transcription factor (CREB/ATF) and CREB-binding protein (CBP/p300) to stimulate transcription from the respective promoters. Genes reported to be activated or repressed in this manner include IL-2, IL2-Ra, c-fos, p21Waf1/Cip1 and DNA polymerase b, to name but a few (reviewed in Ressler et al., 1996; Yao and Wigdahl, 2000) . Oncogenic transformation results when infected cells achieve mitogen-and growth factor-independent proliferation and correlates with the dysregulation of cell cycle control (reviewed in Neuveut and Jeang, 2000) .
The advent of microarray technology (reviewed in Brown and Botstein, 1999; Khan et al., 1999) , coupled with the availability of comprehensive databases of gene identity and function, has made it possible to examine transcriptional changes across a landscape of thousands of genes. The rationale behind this study is that a microarray-based study of Tax-induced changes should provide a useful overview of the downstream targets and eectors of Tax. This overview coupled with direct functional veri®cation should extend insights into Tax-mediated signaling.
Results and Discussion
Earlier studies showed that in the JPX-9 system some Tax-responsive genes displayed signi®cant changes in mRNA levels between 9 and 25 h after metal-induced Tax-expression (Baba et al., 1996; Nagata et al., 1989; Nicot et al., 2000) . We thus used for our experiments the 9 and 25 h time points as well as earlier times after metal treatment. Western blot analyses con®rmed that wildtype Tax (JPX-9) and Tax-mutant (JPX-M) were signi®cantly induced after zinc-treatment (Figure 1 ). It was originally reported that JPX-M Tax-mutant contained an early frame-shift mutation which resulted in a severely truncated non-functional polypeptide. However, in our immunoblots, both JPX-9 Tax and the JPX-M Tax-mutant shared a similar 40 kDa mobility. This observation is consistent with recent characterizations which found JPX-M Tax, rather than being a frame-shifted mutant, to have a simple inframe insertion of a single arginine residue at position 63 (Figure 2a,b) (Ohtani et al., 1998) . This new ®nding challenges the assumption made in several previously published works as to the obvious lack of function of JPX-M Tax-protein. Inherent to our current study design was the goal of comparing the signaling capacities of wildtype Tax and the single Arg63-inserted Tax from JPX-M.
The JPX-M Tax mutant activates the AP-1 pathway, but not NF-kB, SRF or CREB/ATF Prior to conducting microarray studies, we checked the relative functional capacities of wildtype Tax and JPX-M Tax-mutant. Wildtype Tax activates gene expression through four discrete pathways, CREB/ATF, NF-kB, serum response factor (SRF), and AP-1 (reviewed in Jeang, 2001 ; see Figure 2 ). However, it is not known how the Arg63-inserted JPX-M Tax-mutant would behave in these signaling pathways. Using various luciferase reporters in Jurkat cells, we found that the Arg63 Tax-mutant was substantially impaired in CREB/ATF, NF-kB and (SRE)/CArG-box-controlled signaling (Figure 2c ± e) . Interestingly, this Tax-mutant was comparable to wildtype Tax in its ability to transactivate AP-1-dependent luciferase expression (Figure 2f ). Thus, a comparison of Tax-versus JPX-M Arg63 Tax results in microarray studies would permit us to segregate Tax-speci®c eects on AP-1 from those on CREB/ATF, NF-kB and SRF.
Results of microarray analyses
Uninduced Jurkat cells were used as a baseline reference, since a low level of constitutive Tax expression can leak from the metallothionein promoter in the JPX-cells in the absence of metal treatment. We additionally repeated the chip experiments analysing the kinetics of gene expression changes induced by zinc treatment of JPX-9 and JPX-M cells. Examples of kinetic changes upon zinc induction are shown in the bottom panels (panel B) of each of the Tables. Figure 3 shows a pseudo-colored image obtained after analysis of a typical array hybridized to cDNAs from zincinduced, Tax-expressing JPX-9 cells and uninduced Jurkat cells.
From over 2000 genes, approximately 300 were dierentially expressed upon Tax induction. To ful®l the criterion of dierential expression in these experiments, selected genes were reproducibly up-or downregulated more than twofold. The overall range of dierential expression varied between approximately 0.1 and 30, i.e. between a 10-fold down-regulation and a 30-fold up-regulation. We veri®ed independently the microarray results by arbitrarily selecting several up-or down-regulated genes using RT ± PCR (Figure 4 ). There was good qualitative agreement between the microarray and RT ± PCR results.
For comparative purposes (below), dierentially expressed genes are considered within functional groups, viz. genes involved in apoptosis; genes involved in the cell cycle and/or DNA repair; genes involved with transcription; genes related to the immune system; genes representing cytokines, growth factors and receptors, and genes with particular relevance to metastasis. 
Apoptosis-related genes
The involvement of Tax in apoptosis is controversial. Tax expression has been reported to be both proapoptotic (Chen et al., 1997a; Chlichlia et al., 1997) and anti-apoptotic Copeland et al., 1994; Tsukahara et al., 1999) , even using identical experimental systems, such as JPX-9 cells (Chen et al., 1997a; Kawakami et al., 1999 TRAIL/Apo-2L and caspase-10, both apoptosis inducers in various biological settings (FernandesAlnemri et al., 1996; Wiley et al., 1995) . Relevant to these results, we noted that a previous microarray study comparing the expression patterns of HTLV-1-immortalized T-cells to normal T-cells described the strong up-regulation of cIAP 1 (anti-apoptotic factor) and Nip3 (pro-apoptotic factor) mRNA (Harhaj et al., 1999) . In contrast to that study, we found that the proapoptotic protein Nip3 was strongly down-regulated in JPX-9 cells (Table 1) . Overall, these ®ndings suggest that the linkage between Tax and apoptosis might be complex rather than simple; a full understanding of this relationship would require further study.
Cell-cycle/DNA repair
Tax dysregulates cell cycle progression and aects DNA damage/repair (reviewed in Kibler and Jeang, 1999; Neuveut and Jeang, 2000) . We, therefore, interrogated our microarrays in order to understand better how Tax might aect genes relevant to these processes. Consistent with a previous report (de La Fuente et al., 2000) , p21Waf1/Cip1 expression was found to be up-regulated (Table 2) . Our array results, however, do not permit us to distinguish whether this up-regulation results in amounts of p21Waf1/Cip1 required to function as an assembly factor for cyclin/ cdk complex formation (Cereseto et al., 1996; Zhang et al., 1994) or as a CDK inhibitor (reviewed in Sherr and Roberts, 1999) .
Regarding DNA-repair genes, the expression of Rad 21, Rad 54, ERCC5 and XRCC5, was repressed by Tax. The multifunctional DNA-dependent protein kinase DNA-PK previously shown to be important for DNA repair (reviewed in Jackson, 1997) was also down-regulated by Tax (Table 2) .
Cyclin D2 (previously reported in Santiago et al., 1999) , cyclin C and the mitotic regulator PLK1 (reviewed in Glover et al., 1998) were also revealed in the microarray readouts as being dierentially modulated by Tax.
Immune-system related genes
We found that expression of the TCRb chain was strongly down-regulated (Table 3 and Figure 4 ) by Tax. Expression of RAG-1, DNA-PK and HMG-2 Figure 3 `Oncochip' cDNA array after image analysis using ArraySuite software. Up-regulated genes are pseudo-colored red, down-regulated genes are pseudo-colored green. Yellow-colored spots are not signi®cantly changed in the presence of Tax. Four representative dierentially-expressed genes are highlighted. Fluorescently-labeled cDNA from zinc-induced JPX-9 Tax-expressing cells and from uninduced control Jurkat cells were hybridized to the microarray genes was similarly down regulated (Table 3 ). All these factors play roles in TCR V(D)J rearrangement (reviewed in Fugmann et al., 2000) . Indeed, it has been suggested that the loss of TCR/CD3 complex expression could contribute to the escape of HTLV-1-infected T-cells from normal growth control (de Waal Malefyt et al., 1990) .
The expression levels of immunoglobulin kappa light chain and MHCII DQ-b were up-regulated in the presence of Tax, consistent with two previous reports (Lindholm et al., 1992; Pise-Masison et al., 1997) .
Cytokines, growth factors and receptors
Of the cytokines and receptors found to be dierentially expressed, it was intriguing that both hepatocyte growth factor/scatter factor (HGF/SF) and its cognate receptor c-met were up-regulated (Table 4 and Figure   4 ). Autocrine/paracrine involvement of HGF and c-met has been implicated in tumor cell growth and metastasis (reviewed in To and Tsao, 1998). Transfection of NIH3T3 cells with murine c-met resulted in oncogenic transformation (Iyer et al., 1990 ) that required co-expression of HGF. The c-met receptor has been found to be highly expressed in HTLVtransformed T-cells (Ratajczak et al., 1997) . This suggests that the involvement of HGF and c-met in HTLV-1-associated pathogenesis warrants further examination, as their activities might contribute to the phenomenon of lymphocyte in®ltration in HTLV-1-associated diseases.
Adhesion/cytoskeleton/matrix remodeling HTLV-1-associated diseases are often characterized by lymphoid in®ltration of secondary lymphoid organs and various tissues. Since in®ltration by lymphocytes involves the processes of attachment, extravasation and invasion, changes in the expression of genes related to adhesion, motility, cytoskeletal elements and extracellular matrix remodeling were of interest.
We observed the up-regulation of various matrix metalloproteinases (MMPs) and tissue metalloproteinase inhibitors (TIMPs) ( Table 5 ). Dysregulated expression of MMPs and TIMPs aects intercellular connectivity. By degrading the extracellular matrix of endothelial and neural cells, these processes facilitate the entry of HTLV-1-infected lymphocytes through thè blood brain barrier' into the central nervous system (CNS). Such degradative processes may also aect demyelination and autoimmune activation, and hence contribute to the development of HAM/TSP.
Tax-enhanced adhesion molecules included PECAM-1 (CD31) and SPARC (osteonectin) ( Table 5 ). In vitro experiments have shown SPARC involvement in increased tumor cell adhesion and invasiveness (Ledda et al., 1997) , while PECAM-1 appears to play a role in both lymphocyte transendothelial emigration and adhesion (Muller, 1995) .
Another ®nding was the down-regulation of both nm23-H1 and nm23-H2 nucleoside diphosphate kinases (Table 5 ). nm23 plays a role in the control of normal cellular development and dierentiation, and appears to be a metastasis suppressor gene, since reduced expression and/or allelic deletion of nm23 has been associated with high metastatic potential in several types of rodent tumors and human carcinomas (Florenes et al., 1992; Fukuda et al., 1996; Nakayama et al., 1993) . Conversely, ectopic expression of nm23 has been reported to suppress malignant progression in various melanoma and breast carcinoma cells (Leone et al., 1991 (Leone et al., , 1993 Miyazaki et al., 1999) . The exact mechanism of nm23 function remains unknown, although several biochemical activities including NDP kinase activity, serine autophosphorylation and protein-histidine kinase activity have been associated with nm23 (reviewed in Freije et al., 1998) .
Cellular signaling factors
Two cellular factors important for signaling, MLK-3 and BCL-3, were shown by microarray analysis to be (Figure 4 ; and chip array data, not shown) were not transcriptionally modulated by Taxinduction.
Role of MLK-3 in NF-kB and Tax-signaling
MLK-3 is a member of the SH3-domain-containing proline-rich kinase (SPRK)/mixed-lineage kinase family, so termed because the catalytic subdomains show characteristics of both the MEKK family Ser/Thr kinases and the receptor tyrosine kinases. Structurally, MLK-3 has an N-terminal SH3-like domain, followed by a kinase catalytic domain, two leucine-zipper domains, a basic region, a cdc42/Rac interactive binding (CRIB) motif, and a long C-terminal proline, serine and threonine-rich region. We noted that MLK-3 expression was up-regulated in the presence of Tax (Figure 4) , and wondered whether this kinase plays a role in Tax-mediated NF-kB activation, particularly since it was recently reported that MLK-3 overexpression could activate NF-kB (Hehner et al., 2000) . Previously, several investigators have shown that MEKK1 and NIK are upstream signaling kinases for NF-kB activation (reviewed in Jeang, 2001 ). We, thus, ®rst con®rmed in our cell-systems that expression of MEKK1, NIK, or MLK3 indeed provided the expected activation of NF-kB in cells ( Figure 5 ). Because MEKK1 (Yin et al., 1998) and NIK (Uhlik et al., 1998) have been reported to serve roles in mediating Tax-activation of NF-kB, we next queried whether MLK3 provided a similar function. We found that co-expression of two dierent MLK-3 mutants, MLK-3(K144R) and MLK-3(DLZ), did not signi®-cantly attenuate Tax-induced NF-kB activation in three dierent cell-lines, HeLa, 293T and Jurkat ( Figure 6 ). The MLK-3(K144R) mutant contains a lysine-to-arginine mutation, rendering it kinase-defective (Teramoto et al., 1996) . However, it retains the leucine-zipper (LS) domains that are critical for homodimerization and activation of downstream c- Jun N-terminal kinase (JNK) and NF-kb signaling (Hehner et al., 2000; Leung and Lassam, 1998; Vacratsis and Gallo, 2000) . Hence, it exerts a dominant-negative eect presumably by forming inactive dimers with endogenous wildtype MLK-3. We also found that the MLK-3(DLZ) mutant lacking leucine-zippers similarly displayed a dominant-negative eect, and was indeed even more eective than MLK-3(K144R) in inhibiting Tax-mediated NF-kB activation ( Figure 6 ). This mutant would not be expected to interfere with the homodimerization of endogenous MLK-3. However, it might titrate an as-yet uncharacterized MLK-3 binding protein necessary for function. Our DN-MLK3 results suggest that MLK-3, like NIK (Uhlik et al., 1998) and MEKK1 (Yin et al., 1998) , is one of the MAP3Ks (MAP kinase kinase kinases) which might be redundantly used by Tax for activation of NF-kB through the IKK-pathway (reviewed in Jeang, 2001 ).
To further understand the`redundant' role of MLK-3 in NF-kB activation we next asked how DN-MLK3 proteins might aect MEKK1 or NIK activity. In Figure 7 , we observed interestingly that over-expression of MLK3KR as well as MLK3DLZ can repress the induction of NF-kB by either MEKK1 or NIK in Jurkat cells. These results suggest that all three MAP3Ks might converge upon a common downstream target in the IKK/IkB/NF-kB complex.
Distinct from the persistent activation of NF-kB by Tax (Arima et al., 1991) Figure 6 Tax-dependent transactivation of NF-kB is suppressed by MLK-3-dominant negative mutants. HeLa, 293T and Jurkat cells were transiently co-transfected with NF-kB-Luc plasmid, the indicated amounts of Tax-expressing plasmid (pHpX), and dominant-negative MLK-3 constructs [pMLK-3(K144R) or pMLK-3(DLX)] as indicated. In each experiment, pCMV-bGAL was transfected as a normalization control. NF-kB-dependent luciferase activity is presented as the ratio of luciferase/betagalactosidase. Values represent the mean+s.d. of triplicate experiments 1996). Relevant to the ability of Tax to activate both JNK and NF-kB signaling, we found that the IkB family member BCL-3 was up-regulated upon Tax induction (Table 6 and Figure 4 ). BCL-3 is a unique member of the IkB family with a predominantly nuclear localization. Depending on its phosphorylation status and concentration (Bundy and McKeithan, 1997) , BCL-3 has been reported to function as a transcriptional activator or to form an inhibitory complex. It interacts with the p50 and p52 NF-kB subunits (Bours et al., 1993) , or the AP-1 transcription complex (Na et al., 1999) , and can also functionally associate with members of the general transcription apparatus TBP, TFIIA, and TFIIB (Na et al., 1998) . Furthermore, BCL-3 has recently been demonstrated to bind CBP and p300 (Na et al., 1999) . Since Tax is known to associate with CBP/p300 (Giebler et al., 1997; Kwok et al., 1996; Yin and Gaynor, 1996) , it is possible that a Tax-CBP/p300-BCL3 complex may exist, and hence provide a novel means of modulating either AP-1 or NF-kB activation. Further proteinassociation studies are needed to clarify this issue.
Concluding remarks
Microarrays can provide either initial clues for the functional roles of genes or con®rmations of previously suggested ®ndings. Here, our results illustrate both utilities. In the former category, prompted by array readouts, we de®ned a hitherto unknown role of MLK-3 in Tax-mediated NF-kB signaling. Thus, MLK-3 joins NIK and MEKK1 as one of the MAP3Ks (redundantly) used in NF-kB activation via the Tax-IKK axis. Of interest, Tax appears to in¯uence MLK-3 dierently from MEKK1 or NIK. Whereas the transcription of MLK-3 was induced by Tax, transcription of neither MEKK1 nor NIK was aected. Despite these dierences at the level of Tax interaction our DN-MLK3 data indicate that all three MAP3Ks, nevertheless, converge apparently on a common yet to be identi®ed downstream target. In regard to con®rmatory ®ndings, our results on cIAP 2 , p21Waf1/ Cip1, cyclin D2, and c-met, among others, oer objective veri®cations within a genome-wide context of previous suggestions which had been individually reported in the literature. Indeed, the good agreement between previous studies on Tax-mediated changes in cellular gene expression and the data from our microarray experiments validate chip-based approaches for further elucidation of Tax function. Interestingly, in comparing pro®les from JPX-9 and JPX-M mRNA, our results suggest that the majority of Tax's cellularmodulatory activity seems to emanate from NF-kB, CREB/ATF, and SRF pathways. Tax's activity through AP-1 appears to impinge upon a smaller subset of all genes whose expression is aected by this oncoprotein. We believe that the current encouraging, albeit limited, observations support the notion that expanding the analysis to gene sets larger than the *2000 used here is warranted. (Detailed data values of all 2000+genes analysed in this study are available upon request.)
Materials and methods

Cells and plasmids
JPX-9 cells stably expressing Tax under the control of a metallothionein promoter and JPX-M cells expressing a Tax mutant (Ohtani et al., 1987) were from Dr K Sugamura, Japan. Jurkat, JPX-9, and JPX-M cells were cultured in RPMI 1640 medium supplemented with 10% FBS and 1% penicillin/streptomycin (Sigma). HeLa and 293T cells were cultured in DMEM with the same media supplements. All cell lines were maintained at 378C in an atmosphere containing 5% CO 2 . For the JPX-9 and JPX-M cells, selection was maintained with G418 (600 mg/ml). Four days prior to Tax induction, G418 was removed to exclude possible extraneous eects of the antibiotic on gene expression. Approximately 1610 8 cells were used per experimental set, at a density of 1610 6 cells/ml. 120 mM zinc chloride was added to the growth medium to induce Tax expression, and cells were harvested after the indicated times. The JPX-M Tax-mutant was originally reported to be a frame-shift mutation which resulted in a truncated protein, but upon further characterization it was noted that this mutation contained a single arginine insertion at position 63 of the Tax open-reading frame (Ohtani et al., 1998) .
RT ± PCR was used to obtain cDNA from JPX-9 and JPX-M cells. The wildtype and mutant Tax cDNAs were cloned into pcDNA3 expression vectors (Invitrogen, Carlsbad, CA, USA). The plasmids LTR-LUC, kB-LUC, CArG-LUC, and AP-1-LUC are luciferase reporters regulated by HTLV-1 LTR, kB elements, the serum response element (SRE) CArG box from c-fos gene, and AP-1 elements, respectively. LTR-LUC was constructed by cloning HTLV-1 LTR (Semmes and Jeang, 1992) into the pGL3 vector (Promega, Madison, WI, USA). kB-LUC and AP-1-LUC were from Stratagene. CArG-LUC was a gift from Dr M Fujii, Japan.
pMLK-3(K144R) and pMLK-3(DLZ) are pcDNA3-based plasmids expressing mutants of MLK-3 (Leung and Lassam, 1998) and are gifts from Dr Norman Lassam, University of Toronto, Canada.
Transactivation assays
2610
6 Jurkat cells were washed once with Opti-MEM medium (Life Technologies, Bethesda, MD, USA), and transiently transfected with 4 mg of Tax expression vector and 1 mg of the appropriate luciferase reporter plasmid and 0.5 mg of pCMV-bGAL (Clontech, Palo Alto, CA, USA) using Mirus Trans-LT1 (Panvera, Madison, WI, USA) according to the manufacturer's protocol. Cells were harvested 48 h post-transfection, lysed, and assayed for luciferase activity in an Optocomp luminometer (MGM Instruments, Hamden, CT, USA).
HeLa and 293T cells were cultured in 12-well plates to subcon¯uence (2610 5 cells/well) and transiently transfected using Lipofectamine (Life Technologies, Bethesda, MD, USA) using 0.5 mg of kB-LUC, AP-1-LUC (Stratagene, CA, USA), CArG-LUC (Akagi et al., 1997) , LTR-LUC reporter plasmids and 0.01 mg of pCMV-bGAL plasmid, and, where appropriate, the indicated amount of pHpX plasmid expressing Tax under HTLV-1 LTR control (Neuveut et al., 1998) . Co-transfection of the MLK-3 mutants pMLK-3(K144R) and pMLK-3(DLZ) (Leung and Lassam, 1998) was performed where applicable. After 36 ± 40 h, cells were washed once with 16PBS, resuspended in 200 ml of 250 mM Tris-Cl (pH 8.0), and lysed by freeze ± thawing. Cell lysates were centrifuged for 3 min at 48C and the supernatant was assayed for luciferase (Promega) and beta-galactosidase activity (Tropix, MA, USA).
Western blotting analysis
Inducible expression of HTLV-1 Tax in JPX-9 or JPX-M cells was analysed by Western blotting assays as described previously . Brie¯y, cell lysates prepared from JPX-9 or JPX-M cells induced with 120 mM zinc chloride for 9 or 25 h were resolved by 10% SDS ± PAGE and transferred to a polyvinylidene di¯uoride (PVDF) membrane. The blot was blocked with 5% milk in PBS, then incubated with anti-Tax antibody for 2 h. Reactive proteins were developed with secondary antibody conjugated to alkaline phosphatase and visualized using chemiluminescence.
DNA chip analyses
Total RNA was extracted using the RNeasy Midi kit (Qiagen, Inc., Valencia, CA, USA) according to the manufacturer's instructions, except for the inclusion of a 10 ± 15 s ultrasonication burst upon cell lysis. Microarrays were obtained from the array core facility of the National Cancer Institute, (Bethesda, MD, USA) and were`Oncochips' comprising 2304 cancer-related cDNA elements spotted onto poly-L-lysine-coated glass microscope slides. In some experiments, arrays of approximately 6000 cDNA elements were used, and these were obtained from the Cancer Genetics Branch of the National Human Genome Research Institute, (Bethesda, MD, USA). For each hybridization, 50 mg batches of total RNA from zinc-treated and untreated cells were labeled by reverse transcription using SuperScript II (Life Technologies) and either Cy3-or Cy5-dUTP (Amersham Pharmacia Biotech, Inc., Piscataway, NJ, USA) as previously described (Khan et al., 1998 ). The labeled cDNAs were then combined and puri®ed using the Qiaquick PCR puri®cation system (Qiagen). Hybridization was performed in a 658C water-bath for 16 h and scanned using an Axon GenePix 4000 scanner (Axon Instruments, Inc., Foster City, CA, USA). Image analysis was performed using the ArraySuite set of extensions (Chen et al., 1997b) for the IPLab image analysis software (Scanalytics, Inc., Fairfax, VA, USA).
Each hybridization experiment was repeated at least once with the cyanine¯uors reversed, to eliminate any false signals due to non-speci®c background eects. Each time point was then repeated in an independent experiment for further validation. We observed that while changes (i.e. up-or downregulation) were highly reproducible between experiments, the actual quantitative values could vary signi®cantly, an eect that we attribute to dierent labeling eciencies in dierent experiments. Therefore the results presented in this report are from a single representative experiment.
More technical information can be found online at: http:// www.nhgri.nih.gov/DIR/Microarray/image_analysis.html with detailed protocols at: http://www.nhgri.nih.gov/DIR/ Microarray/protocols.html Table 7 Primer-pair sequences used for RT ± PCR HTLV-1 Tax-induced gene expression PWP Ng et al
RT ± PCR analyses
Primers used in the RT ± PCR analyses (Table 7) were purchased from MWG-Biotech, Inc. (High Point, NC, USA). Five micrograms of total RNA were used for each reverse transcription reaction with SuperScript II enzyme. Two microliters of the resulting cDNA were subsequently used per PCR reaction using Platinum PCR Supermix (Life Technologies) according to the manufacturer's instruction. Between 14 and 30 PCR cycles were performed, depending on product yield. PCR products were electrophoresed on 1.5% agarose gels, and visualized by ethidium bromide staining.
